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What Are the Astrophysical Data Sciences? 
And Do We Need Them?





“To boldly lens where 
no DES has lensed before”
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Result After Busy Week
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Result After 3 Months (April 2013)



Result After 3 Months (April 2013)



The Master Plan: !"#
coadds 

& 
catalogs

star 
selection

galaxy 
selection color cuts

PSFEx DEIMOS 
KSB

cluster 
members

shear 
catalog

light 
 map

mass 
map







Abundance: The New Normal

Credit: Nate Lust, Princeton, NAOJ



A Prevalent Problem Melchior et al. (2021) 
Nature Physics Review, 3, 712



We’re Paying a Price

From Nourbakhsh et al. (2022)



Hyperspectral Model of the Sky

❖ Rendering/Forward Operators:    

❖ Probabilistic model:   

A ⋅ S → P ⋅ A ⋅ S

p(Y ∣ A, S; P) ∝ − 1
2 ∥Y − P ⋅ A ⋅ S∥2

2

Scene = ∑
k

Spectrumk × Morphologyk = A ⋅ S

Pixel
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ha
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Bridle et al. 2008

original convolved pixellated noisy



Scarlet
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SCARLET

Melchior et al. (2018)
A&C, 24, 129

code: http://github.com/pmelchior/scarlet

5-band HSC

http://github.com/pmelchior/scarlet


Scarlet
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code: http://github.com/pmelchior/scarlet

5-band HSC
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Melchior et al. (2018)
A&C, 24, 129

http://github.com/pmelchior/scarlet


The New Era



Multiple Instruments

❖
Independent observations: 

❖ Requires matching of resolution, PSF, wavelength coverage

❖ Defines common spatial and spectral frame for joint model

∑
l

∥Yl − ΔPl ⋅ A ⋅ S∥2
2

Joseph, Melchior, Moolekamp (2021)
arXiv:2107.06984



Neural Network Priors

❖ Represents prior over galaxy morphologies  

❖ Jointly optimize the posterior  (Lanusse, PM, Moolekamp,  2019)

❖ Now: Denoising Diffusion Model  

p(Sk)

log p(Y ∣ A, S; P)∑
k

log p(Sk)

∇log p(Y ∣ A, S; P) + ∑
k

∇log p(Sk)

Matt Sampson

Sampson et al. (2024)
A&C, 49, 100875



The Effects of Priors Sampson et al. (2024)
A&C, 49, 100875



❖ Static Source: enforce    for 

❖ Point Source plus Static Extended Source:

Ak,t = Ak t = 1,2,…

Transient Models
Charlotte Ward

Ward et al. (2025) 
A&C, 51, 100930



❖ Static Source: enforce    for 

❖ Point Source plus Static Extended Source:

Ak,t = Ak t = 1,2,…

Transient Models
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Galaxies Are Dusty…



Inhomogeneous Dust Biases
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No Dust

Edge-On

Face-On

True M§, z ChangHoon Hahn

Hahn & Melchior (2025)
ApJ, 982, L44



Dust Modeling
(Spectrum × Morphology) ⊙ e−SpectrumDust × MorphologyDust

True E(B-V)grizy 

Jared Siegel

𝑓(Host)

𝑓(Dust ∣ Host)

Attenuation C
urve

H
ost Spectrum

Model Components

∇𝑙𝑜𝑔℘ℎ𝑜𝑠𝑡 

∇𝑙𝑜𝑔℘𝑑𝑢𝑠𝑡

Score Model NN Priors

∇𝑙𝑜𝑔ℒ
+ ∇𝑙𝑜𝑔℘ℎ𝑜𝑠𝑡
+ ∇𝑙𝑜𝑔℘𝑑𝑢𝑠𝑡

Observation

Galaxy Image

Dust Image
p(H, D) = p(H) p(D ∣ H)



Dust Models for SDSS Siegel & Melchior (2025) 
ApJ, 986, 212



What Are Data Sciences?

❖ Connection of theoretical questions and empirical answers

❖ Techniques from statistics, machine/deep learning, AI

❖ But also: information theory, linear algebra, optimization, 
numerical simulation, dynamical systems, control, …

Theory Observation

Why? What?

How?



Do We Need Them?



The Problem with Astro Data Sciences
❖ Research on data science methods not in the physical sciences: 

requires LA, statistics, simulation, optimization, DL

❖ Interdisciplinary research (in academia) mostly a myth: 
Which discipline is responsible? AST, MAE, MAT, CS, STATS

❖ We have integrated other disciplines before:  
instrumentation, computational astrophysics 
But it requires effort & collaborative environment

❖ Key driver now: AI
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